Vane Behavior in Vane Compressors Under Start-up Operation by Fukuta, M. et al.
Purdue University
Purdue e-Pubs
International Compressor Engineering Conference School of Mechanical Engineering
1994










Follow this and additional works at: https://docs.lib.purdue.edu/icec
This document has been made available through Purdue e-Pubs, a service of the Purdue University Libraries. Please contact epubs@purdue.edu for
additional information.
Complete proceedings may be acquired in print and on CD-ROM directly from the Ray W. Herrick Laboratories at https://engineering.purdue.edu/
Herrick/Events/orderlit.html
Fukuta, M.; Yanagisawa, T.; Shimizu, T.; and Kato, M., "Vane Behavior in Vane Compressors Under Start-up Operation" (1994).
International Compressor Engineering Conference. Paper 997.
https://docs.lib.purdue.edu/icec/997
VANE BEHAVIOR IN VANE COMPRESSORS UNDER START-UP OPERATION 
Mitsuhiro FUKUTA, Tadashi YANAGISAWA, 
Takashi SHIMIZU and Motoyasu KATO 
Department of Energy and Mechanical Engineering, 
Faculty of Engineering, Shizuoka University, 
3-5-1, Johoku, Hamamatsu, 432, JAPAN 
ABSTRACT 
Vane oompressors can not maintain contact between a vane tip and a cylinder 
wall under start-up operation since backpressure acting on the vane is not 
sufficient. We theoretically analyzed transient behavior of the vane under the 
start-up operation by taking account of changes of the backpressure and discharge 
pressure after compression starting. The validity of the theoretical analysis was 
confirmed by comparison with experimental results. Oil viscosity and flow resistance 
of a channel oonnecti.ng a back chamber with a discharge chamber greatly affect the 
vane behavior under the start-up operation. 
INTRODUCTION 
Vane compressors maintain contact between a vane tip and a cylinder wall by 
applying discharge pressure to a back chamber of the vane under steady-state 
operation. Under start-up operation, however, the backpressure is not sufficient to 
maintain the vane contact, and chattering phenomena /(1)-(3)/, which cause noise 
and partial wear, occur. As the discharge pressure and the backpressure rise after 
that period, the vane begins to move normally, i.e., along the cylinder wall at all 
time. 
In this study, we theoretically analyze transient behavior of the vane under 
the start-up operation by solving an equation of motion of the vane /(3),(4)/. We 
also analyze transient changes of the discharge pressure and the backpressure by 
taking account of discharge flow rate aCCDrding to extension of the vane. The 
validity of the theoretical analysis and parameters which have an influence on the 
vane behavior under the start-up operation are discussed. 
THEORETICAL ANALYSIS 
Figure 1 shows a schematic view of the cylinder and forces acting on the vane 
under the start-up operation. The equation of motion for the vane in extension 
direction (Y direction) is derived from a balance of the forces as follows /(3)/. 
Fi + Fr + Fir + Fts + Fte + Fg + Fb = 0 ----- (1) 
Where, Fi:inertial force of vane in the extension direction, Fr:centrifugal force, 
Fir:inertial force of vane by rotational acceleration, Ftp, Fts:shearing forces of ail 
on vane end and side, Fg:gravity and Fb:backpressure force. Equation (1) is a 
differential equation of serond order conCErned With a position of center of gravity, 
Y c and is reduced into· a following equation. 
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----- (2) 
Where, t:time, Pb:backpressure acting on the vane. 8:rotational. 
angle and ffi:angular 
velocity. 
The compressor used in this study has three vanes and the ba
ck chambers of 
each vane are connected into one spaCE by a ringed groove on
 a rear plate. The 
back pressure of vane in equation ( 1 ), therefore, is a function of positions
 and 
velocities of the each vane and mass flow rate which flow
s from a discharge 
chamber into the back chamber. The change of the backpressu
re is expressed as a 
following function. 
----- (3) 
Where, subscript 1-3 means the each vane. The mass flow rate, G
, is calculated as a 
flow through a converging nozzle based on difference between 
the discharge 
pressure and the backpressure. 
In the calculation, equation (2) is applied to the each vane, and th
ese 
equations and equation (3) are solved simultaneously with Runge-Kutta metho
d to 
calculate the positions of gravity center of each vane and the b
ackpressure. The 
vane in oontact with the cylinder wall is assumed to move alon
g the cylinder wall 
after the oontact. 
On the other hand, the change of discharge pressure is calcu
lated based on 
discharge flow rate from the compressor. The transient disc
harge flow rate is 
calculated under assumption that the gas in a compression cham
ber, which is formed 
when the vane tip comes into contact with the cylinder wall, i
s wholly discharged 
from the compressor. 
EXPERIMENT 
Figure 2 shows a schematic view of an experimental set up. A 
rear plate of 
the compressor is made of acrylic resin for visualization of in
ternal view of the 
cylinder. Suction side of the compressor is opened to th
e atmosphere, and 
discharge side is ronnected to a vessel having an appropriate
 volume. The back 
chamber of vane is also ronnected to the vessel, and the pres
sures in the vessel 
and the back chamber rise according tn the mass flow rate 
discharged from the 
compressor. A channel ronnecting the back chamber with the disc
harge vessel does 
not have a spec:ial restriction, and the air is fed tn the bac
k chamber from the 
discharge vessel. The discharge vessel has a high pressure
 switch tn stop the 
rompressor when the discharge pressure becomes higher than a 
set-up value. 
After assembling the oiled vane in the compressor, the rompre
ssor is started 
by an induction motor through a magnetic clutch, and the transient exte
nsion of the 
vane is rea:>rded with a high speed video recx:>rder. The rotat
ional angle and the 
vane extension are read from a picture on a monitor. T
he changes of the 
backpressure and the discharge pressure are measured with sem
iconductor pressure 
transducers and these· data are rerorded by a data acquisition system w
ith a 
personal computer. In this study, the initial position of the rotor b
efore start-up 
is set at the position that the vane is located at an axial seal, and 
all vanes go 
down tn the gravity direction (See figure 2). Table 1 shows specifi.cations o
f the 
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vane cnmpressor used in this study. 
RESULTS AND DISCUSSIONS 
Rotation of Rotor after Start-Up 
Figure 3 shows changes of rotational angle, 8, and angular velocity of the rotor, 
w, against time after the start-up at rotational speed of 1150 - 3000 rpm. The 
angular velocity increases linearly after the start-up at any :rotational speeds, and 
the period of the acceleration cnntinues for the rotational angle of 27t/3 - 1t rad. 
After the pertod, it becomes stable at given rotational speed. 
Comparison between Expertmental Results and Calculated Ones 
Figure 4 shows the cnmparison between experimental results and calculated 
ones at :rotational speed of 1150 rpm. In the upper figure, absd.ssa is rotational 
angle of the rotor from the axial seal, and ordinate is the extension of the vane, Le-
from a vane slot of the :rotor. The vane extension of each revolution is cnncerned 
with the vane which located at the axial seal before the start-up. A sinusoidal line 
as a reference in this figure means maximum extension of the vane when the vane 
moves along the cylinder wall. In the lower figure, abscissa is time from the start-
up, and ordinate is the transient backpressure. In the first revolution after the 
start-up, the vane extension is small due to the rotational aa:::eleration. Up to the 
fifth revolution, the vane rushes out in the manner of balancing the centrifugal 
force with the oil shearing force, because the backpressure has not risen yet. 
After that pertod, the vane gradually rushes out as the backpressure rises, and it 
moves along the cylinder wall at the 17th revolution (after about 1 sec). Thus the 
vane can not rush out along the cylinder wall under the start-up operation and 
chattering phenomena occur. The calculated result agrees qualitatively with 
experimental one. Though the calculated backpressure after the 15th revolution is 
larger than the experimental one, this is because leakage is not cnnsidered in this 
analysis. 
On the other hand, figure 5 shows the transient behavior of the vane and 
transient backpressure under the start-up operation at rotational speed of 3000 rpm. 
Though the vane extension in the first rotation is small in a similar way to figure 4, 
those after second revolution are large due to large centrifugal force. The backpressure, therefore, rises quickly, and the vane moves along the cylinder wall 
at the lOth revolution (after about 0.2 sec). These figures show the validity of this 
analysis which takes acex>unt of the changes of the backpressure and the discharge 
pressure. In case of a practical operated compressor, the vane extension may be 
somewhat promoted since the suction pressure decreases while it is co~t in this 
experiment. 
Discussion with Analysis 
In this section, we discuss the vane behavior under some conditions by the 
calculation. Figure 6 shows the calculated behavior of the vane under the start-up 
operation when the viscosity of lubrtcating oil, T], is large. In this case, the vane 
can not rush out, and the backpressure hardly rises. It is found that the oil 
viscOSity has a great influence on the vane behavior under the start-up operation, 
and there are cases where the vane oompressor can not start tn oompress when the 
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oil viscosity is too large. 
In the case of figure 4, the vane extended before the start-up also CDmes into 
the vane slot due to the rotational acceleration, and then the gas in the back 
chamber flows back to the discharge vessel (not shown in the figure). Figure 7 
shows the calculated behavior under assumption that a check valve is installed in 
the channel which CDnnect the back chamber with the discharge vessel in order to 
avoid the gas flow from the back chamber to the discharge side. When the vane 
CDmes into the vane slot due 1D the CDntact with the cylinder, the backpressure 
rises and other vanes are pushed out. The vane, therefore, begins to move along 
the cylinder wall earlier than the case of figure 4. Besides, when all vanes are 
fully extended before the start-up, the vane extension is promoted further (figure 
is not shown). 
By the way, some CDmpressor feeds oil to the back chamber through a capillacy 
tube CDntrolling the backpressure. Figure 8 shows the calculated behavior under 
assumption that flow resistance of the backpressure channel is large and oil is fed. 
The vane extension is restricted due to the flow resistance and the backpressure 
dOI:':!S not rise. In order to promote the vane extension under the start-up operation, 
CDnsequently, it is effective tn decrease the resistance of the flow intn the back 
chamber and 1D increase that of the reverse flow. 
CONCLUSIONS 
The vane behavior and the backpressure in the vane compressor under the 
start-up operation are calculated and CDmpared with experimental results. The 
results are summarized as follows. 
(l)The vane can not rush out along the cylinder wall under the start-up 
operation since the backpressure is not sufficient, and chattering phenomena cx:cur. 
(2)The vane extension is slowed by the inertial force due to the rotor 
acceleration. The period rontinues for the rotational angle of 2n/3 - 1t rad. 
(3)The transient vane behavior under the start-up operation can be analyzed 
by taking aCCDunt of the changes of the backpressure and the discharge pressure. 
The calculated results are in gcx:>d agreement with the experimental ones. 
(4)In order to promote the vane extension under the start-up operation, it is 
effective to decrease the resistance of the flow into the back Chciinber and tD 
increase that of the reverse flow. 
REFERENCES 
(1)Tojo, K., et al., "DYNAMIC BEHAVIOR OF SLIDING VANE IN SMALL ROTARY 
COMPRESSORS", Proc. Purdue Compr. Tech. Conf., 1978, 29. 
(2)Picksa.k. A., Kruse. H, "Mathematical Simulation of Lubrication Conditions in Rotary 
Vane Compressors", Proc. 198«:;; Int. Compr. Eng. Con£., 1986, 461. 
(3)Fukuta, M., "Vane Behavior in Vane Compressors under Start-Up Operation", 
Trans. JSME (in Japanese), Series B, Vol. 59, No. 567, 1993, 3487. 
(4)Fukuta, M., et al., "Analysis of Oil Film on Vane Sides of Vane Compressor", Trans. 





Figure 1. Forces acting on vane 
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Figure 3. Changes of rotational speed 
and angular velocity after start-up 
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Figure 2. Experimental set up 
Table l. Specification of vane compressor 
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Cylinder radius Rc 36.3 mm 
Rotor radius Rr 28.8 mm 
Vane offset a 16.1 mm 
Vane length Lv 31.4 mm 
Vane thickness tv 4.2 mm 
Cylinder width Wv 40.0 mm 
Vane mass mv 14.3 g 
Vane side clearance hs 20 !liD 
Vane end clearance hz 20 j.llil 
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Figure 4. Vane behavior and backpressure 
under start-up operation ( 1150 rpm) 
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Figure 5. Vane behavior and backpressure 
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Figure 7. Vane behavior and back pressure 
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Figure 6. Vane behavior and backpressure 
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Figure 8. Vane behavior and backpressure 
(Flow resistance of connecting 
channel is large) 
